In this study, the Genetic Algorithm (GA) has been used to investigate the optimum operating conditions and 
INTRODUCTION
Energy conservation is one of the most important research topics in the field of oil, gas, and petrochemical industry. Among various types of equipment used in these plants, heat exchangers have recently received remarkable importance. This is due to its effective conserve energy efficiency. In order to improve the performance of heat exchanger, various optimization techniques and softwares (Genetic algorithm and AspenTech) are used in this study. Accordingly Aspen HYSYS ® and Aspen EDR ® software's are used for optimization and performance evaluation of different types of the heat exchangers. This research has focused on heat exchangers in the preheat train of "Basrah Refinery" to investigate the most optimum operating conditions that provide maximum energy saving coupled with cost reduction. Basically the preheat train is simulated and optimized using Aspen Hysys ® software and its petroleum refining functionality, as shown in shell and tube sides. GAs are adaptive techniques that can be used to solve problems through investigating and optimizing [1] . This technique can be classified as one of the evolutionary algorithms that can rely on the imitation of the Darwin's work for natural selection and survival of the strongest [2] . The basic steps of how to give a simple cycle in GA are as follows:
• Creating of an initial population.
• Estimating of each chromosome.
• Electing the best.
• Generating a new population of a chromosome by applying a series of operators: Selection, Crossover, and Mutation.
• Selecting survivors.
• Stopping criteria, here the cycle will be stopped when it reaches to the best solution.
Genetic algorithm includes unique and distinguished features such as no assumptions about the function to be optimized are needed. Basically, GAs optimizes the tradeoff between exploring new points in the search space and exploiting the information discovered. Only objective function or fitness information is needed for GAs to find an optimal solution, this makes them competent to traditional optimization techniques that require derivatives or other auxiliary knowledge [3] . In the meanwhile, these features were encouraging in the application of the genetic algorithm (GA) on optimization and performance analysis of heat exchangers. It's applied on one of the heat exchangers in "preheat train"
which is called crude oil/kerosene exchanger and item number (E01). In this work, the literature review of research projects, which have been conducted in the field of GA, has been summarized as follows: Xie et al. that the task of optimization, itself, may be considered as a design process in which any possible candidates will be analysed and evaluated based on the requirements. They concluded that GA technique may be used for optimization of geometrical parameters of heat exchangers to obtain optimal results [8] .
OPTIMIZATION MODEL OF SHELL AND TUBE HEAT EXCHANGER
The general model that was carried out on the tubular heat exchanger for optimization, has been implemented on the shell and tube heat exchanger. With some changes that include the following [9] :
The same objective function for optimization is the total annual cost which is represented by the following equation, the utility cost for this case study will be cancelled:
The only constraint for the objective function is derived from the overall heat balance which is related to the rate
And as follows:
Where, 
Fanning friction factor for turbulent flow in tubes is given by:
Film heat transfer coefficient inside tubes:
Also,
Substituting Equation. (10) and Equation. (7) after substituting A , into Equation.
(6) and simplifying to result:
Where B i is a correction factor to account for friction due to sudden contraction, sudden expansion, and reversal of flow direction, dimensionless. g c represents the conversion factor in Newton's law of motion.
The same procedure can be used to derive the power loss equation 
It is clear that:
And:
OPTIMIZATION STRATEGY AND PROBLEM DEFINITION
The objective function (C T ), the total annual cost, is affected by the surface area, the power requirement for pumping the fluids in the inner tubes and the outer shell. In our work, the hot kerosene flows in the shell side while cold respectively. At the optimum conditions, flow in the tube and shell side is turbulent. The following mentioned parameter is defined and used without being changed along the optimization problem [9] :
• Installation is 15% of the purchased cost.
• Annual fixed charges, including maintenance, are 20% of the installed cost.
• Purchased cost of shell and tube heat exchanger with carbon steel for the outer shell and inner tubes is about 260 $/m2.
• Electrical cost is 0.04 $/kWh.
• Fouling coefficient for kerosene is 2500 W/m2. K
• Fouling coefficient for crude is 1666.67 W/m2. K
• The exchanger operates 7000 hr/yr.
The selected decision variables with their upper and lower bounds are as follow: Prior to use the genetic algorithm toolbox of MATLAB, genetic operators should be defined. These operators are defined as:
• Number of generations = 50.
• Population size = 50.
• Population type = double vector.
• Fitness scaling = Rank.
• Selection = Tournament (Size of tournament (N) =4).
• Crossover = Constraint dependent. • Mutation = Constraint dependent.
• Stopping criteria = Function tolerance (1E-3)
SOLUTION METHODOLOGY FOR OPTIMIZATION OF CASE STUDY
The optimization procedure is applied after writing a user defined function (C T ) in MATLAB as shown in the COM is a platform-independent, distributed, object-oriented system for creating binary software components that can interact [10] . In other words, Aspen HYSYS ® and MATLAB are able to exchange data through COM. The latter transfer data between the two programs in binary form regardless the programming language which was used to build any one of the two software's. 
RESULTS AND DISCUSSIONS
The shell and tube heat exchanger under study is used to heat crude oil in Crude Oil Distillation unit at the South Refineries Company. By using the optimization procedure, the total annual cost for shell and tube heat exchanger at new, Impact Factor (JCC): 7.6197 SCOPUS Indexed Journal NAAS Rating: 3.11 optimum and GA-EDR design, is minimized as shown in Table 1 . The output values for the decision variables obtained by GA optimization for shell and tube heat exchanger are summarizes in Table 2 . As it can be extracted from Figure 3 , the minimum total annual cost of the GA-EDR design for the shell and tube is achieved after 90 generations with a minimum value of 3668 USD/year. In order to test the results obtained from GA optimization, the values of the decision variables mentioned in Table 2 are implemented in Aspen EDR ® . It should be noted that the cost of heat exchanger in Aspen EDR ® is calculated based on the materials cost and the operating cost plus to that the labour cost [11] . The cost of labour can be defined as the sum of all wages paid to employees that are defined by 
CONCLUSIONS
The optimization process can be determined in two steps, firstly, improving the design and improving operating conditions through providing the optimum temperature, pressure, mass flow rates, etc., Secondly, by using the following optimization tools: Aspen Tech optimizer tool and MATLAB genetic algorithm toolbox.
To optimize the performance of heat exchangers operated in the targeted industrial facilities, Aspen HYSYS ® software has played an effective role in improving the operating conditions of the studied heat exchangers. In contrast, Aspen EDR ® software was used to improve the mechanical and thermal design of those heat exchangers. If we have to take cost figures for all heat exchangers in the Crude oil Distillation unit as shown in Table 3 new, optimized and GA-EDR design was investigated. The cost of the GA -EDR case showed an optimization behaviour compared to the cost of the studied heat exchanger at a new and optimized case. 
